Stem cell transplant (SCT) is an established therapy for various malignant and nonmalignant disorders in children. Despite significant improvement in supportive care, SCT continues to be associated with significant morbidity and mortality. Although acute cardiac complications occur in less than 2% of patients, they can be life threatening. 1, 2 Progressive heart failure, acute ventricular fibrillation and cardiac tamponade are among the reported cardiac complications of SCT. Sudden cardiac tamponade has been described as a complication affecting 2% of pediatric thalassemia patients undergoing allogeneic BMT. 3 Thalassemia patients often suffer from iron overload and decreased cardiac function prior to SCT, and are thus at higher risk for cardiac complications. 3 Children who undergo SCT for malignancy have usually been pre-treated with chemotherapy and radiation. Cardiac damage is a known complication of mantle radiation, high-dose cyclophosphamide [4] [5] [6] and anthracycline chemotherapy, 7 but abnormal results of pretransplant cardiac evaluation have not always been associated with an increased risk of cardiac complications during SCT in nonthalassemia patients. 1 There are few case reports in the literature describing cardiac tamponade in nonthalassemia pediatric patients undergoing SCT. 1, [8] [9] [10] [11] [12] [13] The incidence of pericardial effusion and cardiac tamponade following SCT in pediatric patients is not known. We report on nine children who developed pericardial effusion and cardiac tamponade following SCT at our center and review the literature of all reported pediatric cases.
Materials and methods
The BMT database at Vanderbilt Children's Hospital contains prospectively collected data on all patients transplanted at our center. Database records on 205 patients receiving a blood or marrow transplant between January 1993 and August 2004 were screened for any cardiac complications. For these patients, all available medical records, notes, correspondence and autopsy reports were reviewed to identify, in detail, the nature of the event and/or prior cardiac disease or its evolution. Patients with clinically significant pericardial effusion or cardiac tamponade were identified. An extensive chart review was performed to determine age, gender, underlying diagnosis, type of transplant, conditioning therapy, graftversus-host disease (GVHD) (prophylaxis, grade, treatment), infections, other clinical complications as well as the onset, evolution and clinical outcome of pericardial effusion. We collected additional data including cumulative doses of previous anthracycline therapy or mediastinal radiation. The cumulative dose of anthracycline therapy given as doxorubicin, daunorubicin, idarubicin and mitoxantrone was calculated using previously reported maximum cumulative doses. 14 The actual cumulative dose of idarubicin was multiplied by 3.0, and that of mitoxantrone by 2.8, to obtain a doxorubicin equivalent anthracycline dose. For daunorubicin conversion, doxorubicin is computed as two-thirds of the daunorubicin dose with respect to cardiotoxicity. 14 As part of their pre-transplant evaluation, all patients underwent a cardiac evaluation with an electrocardiogram and an echocardiogram or radionuclide ventriculography to evaluate left ventricular ejection fraction. During the transplant admission, the patients had weekly chest X-rays. Additional studies were carried out if the patients developed fever or respiratory symptoms. Echocardiography was routinely performed at day 100 post transplant or as clinically indicated. The effusions were assessed by echocardiography and clinically by measurement of pulses paradoxus. Echocardiographic signs of potential or impending tamponade physiology included right atrial collapse, right ventricular collapse and respiratory variation in mitral inflow velocity with accompanying increase in isovolumic relaxation time. Clinical confirmation of tamponade was defined as the presence of pulsus paradoxus 410 mmHg. 15 Percutaneous pericardiocentesis or surgical creation of a window were performed in the setting of significant effusions with echocardiographic or clinical evidence of tamponade. The frequencies of pericardial effusions between the patients who received allogeneic SCT and those who received autologous SCT were compared by a Fisher's exact test. The same method was used to compare the recipients of allogeneic SCT who did and did not develop GVHD. The retrospective review of patients' medical records was approved by the Institutional Review Board of Vanderbilt University Medical Center.
Results
This detailed review identified nine SCT patients who experienced clinically significant pericardial effusion or tamponade post-SCT. Pericardial effusion was diagnosed by echocardiogram performed due to clinical suspicion rather than routinely scheduled echocardiograms. The frequency of this serious cardiac complication was nine of 205 receiving SCT (4.4%). The characteristics of the nine patients are summarized in Table 1 . The median age was 9 years (ranged 0.6-18 years); four were female and five male. Underlying diagnoses consisted of acute lymphocytic leukemia (n ¼ 4), myelodysplastic syndrome (n ¼ 2), acute myelogenous leukemia, neuroblastoma and Hodgkin's disease (one each). Two patients had no anthracycline exposure and the rest had a dose ranging from 75 to 340 mg/m 2 . All patients had a left ventricular ejection fraction of 445% prior to transplant. Conditioning regimens consisted of chemotherapy alone in five patients and cyclophosphamide plus TBI in four patients. Two patients had prior radiation exposure: patient 1 had 3500 cGy mediastinal radiation and patient 9 had previous TBI (1320 cGy) a year prior to this transplant. Seven of the nine received allogeneic transplants (two related and five unrelated) and two had autologous PBSC transplant. All Pericardial effusion in pediatric stem cell transplant M Rhodes et al allogeneic transplants were non-T-cell depleted and four were from mismatched donors (Table 1) . GVHD prophylaxis consisted of cyclosporine and methotrexate in all allogeneic transplants, except for patient 2 who received cyclosporine and prednisone and patient 9 who received cyclosporine and mycophenelate. Significant pericardial effusion developed between 19 and 210 days (median 30) post transplant. None of the effusions were diagnosed on routine echocardiograms but rather when patients developed symptoms. All patients who received allogeneic transplants had associated acute GVHD (n ¼ 5) or clinically extensive chronic GVHD (n ¼ 2). The patients who developed clinically significant pericardial effusion were more commonly recipients of unrelated donor transplants (44.4%) compared to related (33.3%) or autologous transplants (22.2%). Further analysis suggests a higher risk among recipients of allogeneic SCT of developing a clinically significant pericardial effusion as compared to recipients of autologous SCT, P ¼ 0.08. Among patients who received allogeneic SCT (n ¼ 85),there was a trend towards higher risk of pericardial effusion among patients who developed acute or chronic GVHD (seven of 58) compared to those with no GVHD (0 of 25) (P ¼ 0.07).
Six patients developed the pericardial effusion within 100 days of transplant: Patient 1 had received mediastinal radiation therapy with 3500 cGy prior to transplant; she required pericardiocentesis on day þ 29. She had also required thoracentesis for subpulmonic effusion, which appeared on day þ 21. Patient 2 first developed pericardial effusion day þ 34 that required pericardiocentesis on day þ 69. The effusion reaccumulated and a pericardial window was performed on day þ 138 when she developed evidence of tamponade physiology. This was in the setting of steroid-refractory GVHD. Patient 3 required pericardiocentesis day þ 19 and creation of a pericardial window on day þ 35 due to recurrent effusion with evidence of tamponade. Patient 4 developed pericardial effusion day þ 25 coinciding with the onset of grade III acute GVHD. Despite echocardiographic evidence of tamponade physiology, drainage was deferred due to refractory thrombocytopenia. His effusion resolved after initiating prednisone therapy for GVHD. Patient 5 required pericardiocentesis and placement of external drain on day þ 30. He had associated acute GVHD and steroid therapy was initiated with resolution of the drainage and no evidence of reaccumulation. Patient 6 received reduced-intensity conditioning 1 year following a fully ablative transplant due to disease recurrence. She developed her effusion 19 days post transplant and required pericardiocentesis in the setting of acute GVHD. The effusion recurred on day 55 requiring surgical creation of pericardial window, while tapering prednisone and was associated with flare up of GVHD.
The remaining three patients developed pericardial effusions between day þ 155 and day þ 210. Patient 7 developed pericardial effusion day þ 201 associated with extensive chronic GVHD; he had pericardiocentesis performed day þ 205 and þ 210 post transplant. Patient 8 had transplant-related chronic renal failure and was receiving 13-cis retinoic acid therapy; he developed tamponade on day þ 210 and had fenestration performed on day þ 225. Patient 9 developed a large effusion with echocardiographic evidence of tamponade physiology on day þ 155 in the setting of extensive chronic GVHD and poor engraftment. She died on day þ 195 of bacterial sepsis during the hospitalization.
Pericardial fluid analysis was performed on samples from eight patients. Glucose levels were normal, except for patient 2 who had an elevated level coinciding with an elevated serum glucose at the time of the pericardial fluid analysis. There was elevated total protein ranging from 2000 to 3800 mg/dl (median 3400). There were elevations in the number of WBC ranging from 18 to 1260 cells/ml (median 215). Eight of the nine patients had no evidence of malignancy or infection. Patient 9 had postmortem evaluation of the effusion that revealed the presence of Enterobacter cloacae. Blood cultures on this patient were also positive for the same organism at the time of death. Viral and bacterial cultures of the fluid on the remaining patients were negative. Cytology was performed on all eight samples and revealed no evidence of malignancy.
Six patients died secondary to relapse (patients 4, 5 and 8) or as a result of complications related to chronic GVHD (patients 2, 7 and 9). None of these deaths were related to the pericardial effusions. All three surviving patients (patients 1, 3 and 6) have normal cardiac function and have had no recurrence of the pericardial effusion.
Discussion
The goal of this study was to review the incidence of clinically significant pericardial effusion and cardiac tamponade in pediatric patients following SCT. The incidence of 4.4% is significantly higher than what has been previously reported in the literature. In a large study from the University of Minnesota, cardiac complications occurred in 26 of 2821 transplants (0.9%) and only five had pericardial effusion or cardiac tamponade (0.2%). 2 Review of the literature identified 18 reported cases of pericardial effusions in children undergoing SCT ( Table 2 ). The time to developing an effusion ranged from 3 days prior to transplant to 600 days post transplant (median 34). 1, [8] [9] [10] [11] [12] [13] 16 Nine cases were reported in patients undergoing matched related donor transplant for thalassemia. 3, 16 All of those patients had the effusion develop in the first month post transplant and it was fatal in six of the patients. The overall incidence of pericardial effusion in thalassemia transplants was 2% among 400 consecutive children. Although the etiology was not clear, it was thought to be related to toxicity from the conditioning regimen and possible iron overload. 3, 16 Eight of the remaining nine cases were reported in patients undergoing allogeneic transplant from related donors. 1, [8] [9] [10] [11] [12] [13] Acute or chronic GVHD was present in 62% of those patients at the time of the diagnosis of the pericardial effusion.
Although the etiology of cardiac toxicity following SCT is not well known, some factors have been implicated. High-dose cyclophosphamide therapy has been noted to be a potential risk factor for developing cardiac toxicity. 4, 6, 10 Steinerz et al 5 reported on 40 children who received more than 80 mg/kg of cyclophosphamide and 21 patients 17, 18 has been associated with increased risk of cardiac complication post transplant, although others found no association. 1 Our patients all underwent cardiac evaluation prior to transplant and none had decreased cardiac function. Infection has not been reported as a potential risk factor. One patient in our experience had positive cultures from the pericardial fluid post mortem (patient 5) in the setting of positive blood cultures. The effusion in that patient was identified in association with exacerbation of chronic GVHD 1 month prior to her death, so the infection might be a secondary finding rather than the primary cause of her effusion. The only consistent observation in our recipients of allogeneic transplant is the association with acute or chronic GVHD. In one patient (patient 6), pericardiocentesis was not carried out due to refractory thrombocytopenia. The effusion resolved after initiating prednisone therapy, and importantly, the resolution of the effusion coincided with the resolution of GVHD. The association of acute and chronic GVHD with pericardial effusions has also been observed in pediatric and adult patients. 11, 12, 19, 20 If pericardial effusion is detected prior to the development of tamponade, initiation of steroid therapy or intensifying immune suppression should be considered especially in patients with active GVHD.
There is only one reported pediatric case of pericardial effusion following autologous transplant; a patient with neuroblastoma developed pericardial effusion 6 months post transplant. 10 In our experience, we observed two cases in recipients of autologous SCT. One patient had prior anthracycline exposure and mediastinal irradiation (3000 cGy) prior to transplant (patient 1). The second patient developed the effusion while receiving 13-cis retinoic acid therapy post transplant for neuroblastoma. Therapy with 13-cis retinoic acid has been associated with pleural effusion 21, 22 but not pericardial effusion. It is not clear whether the therapy with 13-cis retinoic acid contributed to the development of this patient's pericardial effusion.
Among reported cases of pericardial effusion in the literature, effusion was the cause of death in six of nine (67%) patients with thalassemia and two of nine (22%) with other diagnoses. A third of the cases required pericardiocentesis or fenestration. None of our patients died as a result of the effusion, but seven (78%) required either fenestration or pericardiocentesis. Three required multiple procedures for recurrent and refractory effusions. The procedures were tolerated without any complications. None of the patients had cardiac dysfunction on follow-up evaluation. We conclude that pericardial effusion and cardiac tamponade is more common among pediatric patients undergoing SCT than has been previously reported. Prompt intervention can prevent death related to this complication. Pediatric SCT physicians should monitor for this complication, especially in patients with acute and chronic GVHD.
